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5 [0030] 

[Embodiments] Embodiments of a magnet-embedded (flush) type motor 
relating to the present invention will be described next. 

10 [0031] In the first embodiment, within a rotor, there is arranged an 
arc-shaped magnet along a surface contour of a cylindrical portion of the 
rotor, whereby a highly efficient motor with a reduced inductance Ld is 
obtained. 

15 [0032] Fig. 1 is a section view of the magnet embedded motor according to 
the first embodiment of the invention. In Fig. 1, numeral 102 denotes a 
rotor core. Numeral 103 denotes the rotor cylindrical portion surface. 
Numeral 104 denotes a magnet insertion hole of the rotor core. Numeral 
106 denotes a first magnetic. Numeral 108 denotes a second magnet. 

20 Numeral 110 denotes a shaft hole. Numeral 112 denotes a stator. 
Numeral 114 denotes a slot for insertion of stator winding (actual winding 
is not shown). Marks N, S represent magnet poles of only the stator 112 
side. 

25 [0033] The construction shown in Fig. 1 differs from the conventional 
construction only in the shape of the first magnet 106 and the rotor core 102 
and the magnet insertion hole 104 associated therewith. In the following, 
the same portion as the conventional construction will be explained only 
briefly. 
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[0034] The rotor core 102 is formed by stacking silicon steel plates each 
being punched into a circular outer shape. Therefore, the rotor cylindrical 
portion surface 103 presents a cylindrical configuration. The rotor core 
102 includes the magnet insertion holes 104 for allowing insertion of the 
5 first magnets 106 and the second magnets 108. And, in the magnet 
insertion holes, the first magnets 106 and the second magnets 108 are 
inserted, as illustrated in Fig. 1. In this, the first magnets 106 are 
arranged adjacent the rotor cylindrical portion surface. The magnets have 
a smaller magnetic flux transmissivity than the rotor core. Further, the 
10 shaft hole 110 is formed at the center of the silicon steel plates. 



[0035] In the above, the shape of the first magnet 106 or of the rotor 
shown in Fig. 1 will be referred to herein as "reciprocal arcuate shape". 
Along the entire perimeter of these rotors, the stator 112 is present. To 
15 the slots 114 for insertion of the stator windings of the stator 112, there 
phases of windings, u, v, w, are wound. In operation, as an electric current 
is supplied to the windings, a rotating magnetic field is generated and the 
rotor is rotated in synchronism with this rotating magnetic field. 
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(54) MAGNET EMBEDDING TYPE MOTOR 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a high efficiency motor having 
improved orthogonality between magnetic flux and current by forming 
one-pole magnet arranged at the inside of rotor with an arcuated first 
magnet and a second magnet of different shape and separated from the 
first magnet 

SOLUTION: A magnet inserting hole 104 is provided on a rotor iron core 
1 02 and a first magnet 1 06 and a second magnet 1 08 are inserted 
thereto. Here, the first magnet 1 06 is arranged near the surface of the 1C3 
rotor cylinder 103. The magnetic flux permeability of the magnet is 
rather smaller than that of the rotor. The first magnet 106 or the rotor is 
formed in the normal or inverse arc. A stator 1 12 is provided in these 
rotors and to the entire circumference of the rotor. A 3-phase coil is 
wound to a slot 1 14 of the stator 112. Thereby, the generation of 
magnetic flux caused by the current can be reduced, the orthogonality 
between total magnetic flux and total current can be improved and a 
torque for the unit current is increased to realize a small sized motor 
assuring high efficiency and high output 
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* NOTICES * 

JPO and INP1T are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] in the magnet flush-type motor which has two or more permanent magnets inside a rotor core, it is in 
part with the stator by which the coil was wound around the stator core, and a rotor core — it is — the magnet 
flush-type motor characterized by for the 1st magnet of the radii configuration where of the magnet for one pole 
which has arranged the all inside said rotator met the configuration of a rotator body front face, and said 1st 
magnet to consist of the 2nd magnet of a configuration which has dissociated and is different. 
[Claim 2] The magnet flush type motor according to claim 1 characterized by being the radii configuration where 
the heights of the 2nd magnet turned to the revolving-shaft side. 

[Claim 3] The magnet flush type motor according to claim 1 characterized by being the abbreviation rectangle 
configuration which the 2nd magnet has arranged to the radial direction. 

[Claim 4] The stator by which the coil was wound around the stator core in the magnet flush-type motor which 
has two or more permanent magnets inside a rotor core, a rotor core, the 1st magnet of the abbreviation 
rectangle configuration which the magnet for one pole arranged inside said rotator has arranged [ to / from / 
near the rotator body front face / near the rotator body front face ], and said 1st magnet are the magnet flush- 
type motor characterized by to consist of the 2nd magnet of a configuration which has dissociated and is 
different. 

[Claim 5] The magnet flush type motor according to claim 1 or 4 characterized by the production of said two 
side faces crossing at the inside based on revolving shafts since the magnet side face by the side of the 
periphery of the 1st magnet is reservation of a flux path. 

[Claim 6] The magnet flush type motor according to claim 1 or 4 characterized by being cut by beveling etc. 
since the magnet corner by the side of the center of rotation of the 1st magnet is reservation of a flux path. 
[Claim 7] In the magnet flush type motor which has two or more permanent magnets inside a rotor core It has 
the magnet which has arranged the all inside said rotator, it is in part with the stator by which the coil was 
wound around the stator core, and a rotor core — it is — The magnet flush type motor characterized by said 
rotor core for one pole preparing at least one of the large magnet insertion holes to an opening, notching, or a 
magnet towards the core of said pole near the edge of said pole respectively. 

[Claim 8] The magnet flush type motor according to claim 7 characterized by said rotor core for one pole 
preparing at least one of the large magnet insertion holes in a part for the reverse flank of the hand of cut of 
said rotator to an opening, notching, or a magnet respectively. 

[Claim 9] The magnet flush type motor according to claim 7 by which said rotor core for one pole is respectively 
characterized for an edge by preparing at least one of the large magnet insertion holes to an opening, notching, 
or a magnet so that it may become large by magnetic reluctance towards the core of to [ near the edge of said 
pole for a reverse flank of the hand of cut of said rotator ] said pole. 

[Claim 10] The magnet flush type motor according to claim 7 by which the rotor core for one pole is respectively 
characterized by magnetic flux preparing 3% - about 45% of notching on the front face of a rotor core for said 
one pole in the body iron core front face for a reverse flank of the hand of cut of said rotator. 
[Claim 1 1] The magnet flush type motor according to claim 7 by which a part for the reverse flank of the hand of 
cut of the rotator of the magnet insertion hole of the 2nd magnet established in the rotor core is characterized 
by the large thing to a magnet configuration. 

[Claim 12] The magnet flush type motor according to claim 7 characterized by the 1st magnet moving to a hand 
of cut from a magnetic pole core. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the magnet flush type motor which uses reluctance torque and 

realizes small high power and a well head. 

[0002] 

[Description of the Prior Art] In recent years, the motor carried is wanted to attain a small high increase in 
power and efficient-ization similarly from the small high increase in power of the device carrying a motor, and a 
viewpoint of energy saving. 

[0003] The small high increase in power of the motor using a permanent magnet and efficient-ization arrange a 
magnet on the interior of a rotor core, and can be realized by utilizing positively the reluctance torque 
component by the size of the magnetic reluctance (reluctance) of a rotor core while utilizing effectively the 
magnet torque which is a torque component with a magnet 

[0004] Hereafter, it explains, referring to drawing 15 about the conventional magnet flush type motor. For a rotor 
core and 553, as for the magnet insertion hole of a rotor core, the slot (an actual coil is omitted) in which in the 
1st magnet and 558 an axial hole and 562 insert a stator in and, as for 564, the 2nd magnet and 560 insert 
[ 556 ] a stator winding, and 570, in drawing 1 5 , a rotator body front face and 554 are [ 552 / q shaft flux path 
and 580 ] d shaft flux paths. Moreover, d shaft and q shaft orientations are shown in drawing 1 5 . The magnetic 
polarity N and S show only a stator 1 1 2 side. 

[0005] The actuation is explained while explaining a configuration to a detail about the conventional magnet flush 
type motor constituted as mentioned above. 

[0006] A rotor core 552 carries out the laminating of the about 0.5mm silicon steel, and is made. The rotator 
body front face 553 expresses the appearance in which the rotator which has met the stator 562 carried out the 
shape of a cylindrical shape. And the magnet insertion hole 554 for a rotor core 552 to insert the 1st magnet 
556 and the 2nd magnet 558 is made. And as shown in drawin g 1 5 , the 1st magnet 556 and 2nd magnet 558 are 
inserted in the magnet insertion hole 554 (when there is especially no notice, suppose that the magnet is 
entered without a clearance in an insertion hole). Moreover, the axial hole 560 for letting a shaft pass is formed 
in the center of silicon steel. Here, the magnet is arranged two-layer at the reverse radii configuration, and the 
configuration of drawin g 15 is considered as a two-layer reverse radii configuration. To these rotators, the gap of 
about 0.5mm is maintained at a rotator and the radial perimeter, it is fixed to them, and a stator 562 can rotate a 
rotator freely. By coiling the coil 564 (not shown) of a three phase circuit around a stator 562 here, and passing 
a current to the coil 562 of cage each phase, a revolving field is created and a rotator is rotated synchronizing 
with a revolving field. 

[0007] In drawing 1 5 , d shaft takes the direction of magnetic flux with a magnet in the direction in which it and q 
shaft crossed at right angles. Then, the magnet torque Tm by magnet magnetic flux occurs by adding a current 
(q shaft current iq) to q shaft orientations (general actuation). 

[0008] Here, a rotator shows q shaft flux path 570 and d shaft flux path 580 which are a path of the magnetic 
flux when passing q shaft and d shaft current to drawing 15 . q shaft flux path 570 mainly passes along between 
the 1st magnet 556 and the 2nd magnet 558. Namely, as for d shaft flux path 580, passage of magnetic flux can 
understand hindrance **** with a magnet with bad permeability rather than a rotor core 552 to passing only 
along a rotor core 552. Then, the reluctance torque Tr occurs according to an easy difference as the magnetic 
flux of q shaft of a rotor core 552, and d shaft. Easy is expressed using the inductances Lq and Ld which are 
motor constants as the magnetic flux of q shaft and d shaft. That is, in dr awing 1 5 , it is Lq>Ld. A torque type is 
shown in (several 1). 
[0009] 
[Equation 1] 
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T=^-iq+(Ld-LqHq-id 

[0010] Here, they are the flux linkage of psi:magnet, Ld, Lq:d, q shaft inductance, id, iq:d, and q shaft stator 

current. The magnet torque Tm and the 2nd term for which the 1st term used magnetic magnetic flux by 

(several 1) show the reluctance torque Tr. iq shows the torque current of the conventional surface magnet mold 

motor. Moreover, in order to generate the reluctance torque Tr by the reverse salient pole motor by the upper 

formula, id gives a negative value. The negative value of id is a direction which advances a current phase. 

[001 1] Here, id and iq will be set to (several 2) if the comprehensive current which carried out vector addition of 

id and the iq is set with I. 

[0012] 

[Equation 2] 

iq=I*COS0 

id=I*sin0 

[0013] Here, theta shows the amount of current phase lead lag networks. It will be obtained if (several 2) is 
substituted for (several 1 ) (several 3). 
[0014] 
[Equation 3] 

T=^Icos0+(Ld-Lq)Icos0«Isin0 
= tf>Icose+O.5'(Ld-Lq)I 2 «sin20 

[0015] Here, the relation of the amount of current phase lead lag networks, and the magnet torque Tm, the 
reluctance torque Tr and the comprehensive torque (Tm+Tr) acquired from (several 3) is shown in drawin g 16 . 
[0016] In drawing 16 , when a current phase progresses 30 degrees, as for comprehensive torque, the maximum 
torque is obtained. Thus, by controlling a current phase to the optimal phase, the comprehensive torque more 
than Tm can be acquired and a small high increase in power can be attained. 

[0017] Current phase thetat which obtains the maximum torque with the same current is obtained by (several 4) 
by carrying out the partial differential of (several 3) with the current phase theta, and setting with zero. 
[0018] 

[Equation 4] 

-»+/^ 2 +8(Ld 2 -Lq 2 )I F 
* 1 " 4(Ld-Lq)I 

[0019] 

[Problem(s) to be Solved by the Invention] In the conventional magnet flush type motor, the magnet was 
arranged on the reverse radii configuration, and in order to acquire reluctance torque, it was thought that what is 
necessary was just to design Lq greatly. However, the orthogonality relation of magnetic flux and torque worsens 
as as Lq and (Ld-Lq) are enlarged. Therefore, it had the technical problem that the rate of the improvement in 
effectiveness worsened. 

[0020] This thing is explained using drawing. The relation between magnetic flux and a current is shown in 
drawing 17 . phi, Lqiq, Ldid, and the comprehensive current I consist of id and iq for the comprehensive magnetic 
flux phi here. In drawing 1 7 , the comprehensive magnetic flux phi and the comprehensive current I serve as a 
phase of about 60 degrees. However, ** and I can carry out [ torque ]Hzing of the magnetic flux most efficiently 
generated in the phase of 90 degrees. That is, torque is given by (several 5). 
[0021] 
[Equation 5] 
T=$*I*sin0 

[0022] That is, since torque cannot occur effectively to force current if the orthogonality relation of a current 
and magnetic flux worsens, it becomes a motor with bad drive effectiveness. 

[0023] Furthermore, in order to obtain the maximum torque, when the current phase lead lag network was 
performed, as shown in the part of a phase lead lag network, and drawing 18 , Tm had the essential technical 
problem that it decreased. 
[0024] 

[Means for Solving the Problem] In order to solve the above-mentioned trouble, the magnet flush type motor of 
this invention is equipped with the 2nd magnet of a configuration which has separated a rotor core, the 1st 
magnet of the radii configuration where the magnet for one pole arranged inside a rotator met the configuration 
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of a rotator body front face, and the 1st magnet, and is different. 

[0025] The magnet flush type motor of further others by this invention is equipped with the abbreviation 
rectangle configuration which the magnet for one pole of the 1st magnet has arranged [ to / from / near the 
rotator body front face / near the rotator body front face ]. 

[0026] The rotor core for one pole prepares respectively the magnet flush type motor of further others by this 
invention, and at least one which is a large magnet insertion hole to an opening, notching, or a magnet in a part 
for the reverse flank of the hand of cut of a rotator. 
[0027] 

[Function] When this invention arranges the 1st magnet with small magnetic-flux permeability by the above- 
mentioned configuration compared with a rotor core near the rotator body front face (forward radii 
configuration), the yield of the magnetic flux by id current decreases. That is, an inductance Ld decreases. By 
making an inductance Ld small, it is improved and the orthogonality of magnetic flux and a current serves as an 
efficient motor. 

[0028] Moreover, by arranging the magnet of the abbreviation rectangle configuration arranged [ to / from / near 
the rotator body front face / near the rotator body front face ] inside a rotator, creation is easy, makes an 
inductance Ld small using the magnet of a low price, and serves as an efficient motor. 
[0029] Furthermore, as for the magnetic flux of a magnet, the method opposite side of rotation of a rotator 
becomes strong by preparing an opening and notching in a part for the reverse flank of the hand of cut of the 
rotator of the rotor core which the magnetic flux for one pole generates respectively. This thing will decrease 
the magnetic flux in the case of the signs of the induced voltage by the current and magnet magnetic flux 
differing, and generating the negative torque Tm, if a current phase lead lag network is taken into consideration, 
it makes magnetic flux in case a current and magnetic flux generate the forward torque Tm of a same sign 
instead increased, stops the torque Tm decrement by the current phase lead lag network, enlarges 
comprehensive torque, and serves as an efficient motor. 
[0030] 

[Example] It explains referring to a drawing about the example of the magnet flush type motor of this invention 
below. 

[0031] In the 1st example, by arranging the magnet of a radii configuration in accordance with the configuration 
of a rotator body front face inside a rotator, an inductance Ld is made small and it is made an efficient motor. 
[0032] Drawing 1 is the sectional view of the magnet flush type motor which is equivalent to the 1st example of 
this invention. As for a rotor core and 103, in drawing 1 , 102 is [ a rotator body front face and 104 ] the magnet 
insertion hole of a rotor core, and a slot (an actual coil is omitted) in which in the 1st magnet and 108 an axial 
hole and 112 insert a stator in and, as for 114, the 2nd magnet and 1 10 insert [ 106 ] a stator winding. N and S 
express only the polarity of the magnet by the side of a stator 112. 

[0033] As for drawing 1 , in connection with it, a rotor core 102 and the magnet insertion hole 104 differ from 
the configuration of the 1st magnet 106 to the conventional example. Here, about a rotator configuration, the 
same place as the conventional example is described briefly. 

[0034] An appearance carries out the laminating of the silicon steel pierced circularly, and the rotor core 102 is 
made. Therefore, the rotator body front face 103 shows the shape of a cylindrical shape. And the magnet 
insertion hole 104 for a rotor core 102 to insert the 1st magnet 106 and the 2nd magnet 108 is formed. And as 
shown in drawing 1 , the 1st magnet 106 and 2nd magnet 108 are inserted in the magnet insertion hole. Here, the 
1st magnet 106 is arranged near the rotator body front face. Compared with a rotor core, magnetic-flux 
permeability of a magnet is small. Moreover, the axial hole 1 10 is formed in the center of silicon steel. 
[0035] Here, the 1st magnet 106 of drawing 1 or the configuration of a rotator is considered as a forward 
reverse radii configuration. As opposed to these rotators, a stator 112 exists in a rotator and the perimeter. The 
coil of the three phase circuit of u, v, and w is wound around the slot 114 which inserts the stator winding of a 
stator 1 12. By passing a current to a coil, a revolving field is created and a rotator is rotated synchronizing with 
a revolving field. 

[0036] The property of a motor of having the rotator of the configuration of drawing 1 is explained using drawing 
2 and drawing 3 . Drawing 2 (a) is a line-of-magnetic-flux Fig. at the time of passing id current to a stator 
winding in the 1st example. Magnetic flux is proportional to an inductance L and a current. Then, if there is little 
magnetic flux, it means that an inductance is small, drawing 2 (b) shows the line-of-magnetic-flux Fig. at the 
time of it being alike in the 1st example and passing iq current. If it compares with drawing 2 (a), you can 
understand that magnetic flux has occurred [ many directions in the case of passing iq ] rather than it passes id. 
That is, as the conventional example described, it is Ld<Lq, and Tr is generated from (several 1). 
[0037] Next, both the 1st conventional magnet and 2nd conventional magnet show [ heights ] the line-of- 
magnetic-flux Fig. at the time of giving id in the case of being the radii configuration (two-layer reverse radii 
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configuration) where the revolving-shaft side was turned to, and iq to drawing 3 (a) and (b). It is lost and it turns 
out [ which the magnetic flux of drawing 2 (a) likes better than the magnetic flux of drawing 3 (a) ] that the 
inductance Ld of the 1st example is smaller than the conventional example. Moreover, the magnitude of Lq is 
maintained by maintaining the clearance between the 1st magnet and the 2nd magnet. Therefore, the value of 
the difference (Ld-Lq) of an inductance is the same also as drawing 2 and drawing 3 , and reluctance torque can 
be utilized effectively similarly. 

[0038] Here, the relation between inductance Ld change and the include angle between a current and magnetic 
flux is shown in drawing 4 . That is, an inductance Ld shows the result which an adult case ( drawing 4 a) and 
adult Ld asked for the include angle beta of the phase thetat of the comprehensive current I and the 
comprehensive magnetic flux phi which calculated the case ( drawing 4 b) (extreme example of Ld=0) where it 
was smallness to drawing 4 , keeping the difference (Ld-Lq) of an inductance constant from (several 4). 
[0039] That is, by making an inductance Ld small, the orthogonality of a current and magnetic flux becomes good 
and the improvement in effectiveness of it is attained. 

[0040] Furthermore, the structure of other rotators where the magnet of a forward radii configuration was 
formed like drawing 5 , drawing 6 , and drawing 7 is shown (since it is the same, a stator is omitted). Drawing 5 is 
an abbreviation rectangle configuration which the 2nd magnet 109 has arranged to the radial direction. A 
magnetic pole describes both N and S, when a stator 112 side cannot be judged. Drawing 6 is the configuration 
of having reduced the number of the 2nd magnet 111. Since the magnet side face by the side of the periphery of 
the 1st magnet 107 is reservation of q shaft flux path, drawing 7 is the configuration that the production of two 
side faces crosses at the inside based on revolving shafts. It cannot be overemphasized that an inductance Ld 
can be similarly made small in all, and efficient-ization can be attained. 

[0041] It cannot be overemphasized that the stator side of the 1st magnet may be covered with the thin rotor 
core 1 04, a magnet front face may meet a stator as it is here in drawing 1 , drawing 5 , drawing 6 , drawing 7 , 
and below-mentioned drawing 14 , or whichever is sufficient. 

[0042] Next, the magnet flush type motor of the 2nd example of this invention is explained. In the 2nd example, 
by arranging the magnet of the abbreviation rectangle configuration arranged [ to / from / near the rotator body 
front face / near the rotator body front face ] inside a rotator, creation is easy and uses an inductance Ld as a 
small efficient motor using the magnet of a low price. 

[0043] Drawing 8 is the sectional view of the magnet flush type motor which is equivalent to the 2nd example of 
this invention. For a rotator body front face and 204, as for the 1st magnet and 108, in drawing 8 , the magnet 
insertion hole of a rotor core and 206 are [ 202 / a rotor core and 103 / the 2nd magnet and 110] axial holes. 
Drawing of the slot 114 which inserts a stator 1 1 2 and a stator winding was omitted. 
[0044] As for the 2nd example, the rotor core 202 and the magnet insertion hole 204 differ from the 
configuration of the 1st magnet 206 with the formation of a form status change to the 1st example. 
[0045] The rotator of the configuration of drawing 8 makes an inductance Ld small by the same view, and the 
improvement in effectiveness is as possible for it as thfe 1st example described. However, as shown in drawing 
8 , compared with the 1 st example, a thick rotor core is in the rotor core cylinder outside form side of the 1 st 
magnet 206. Therefore, although an inductance Ld does not become small, it can make an inductance Ld 
sufficiently small to drawing 1 5 of the conventional example as the 1 st example. Moreover, since the magnet 
corner by the side of the center of rotation is reservation of an inductance Lq flux path as shown in A of 
drawing 8 , the 1st magnet 206 is cut by beveling. 

[0046] Since the cross section of the 1 st magnet 206 is an abbreviation rectangle, it is easy to create the 2nd 
example, and the improvement in effectiveness is possible for it using a magnet with magnet creation expense 
there are few man days of post processing and cheap. 

[0047] A ** R configuration etc. is sufficient as the configuration of the cut shown in A of drawing 8 . Next the 
magnet flush type motor of the 3rd example of this invention is explained. 

[0048] In the 3rd example, when the rotor core for one pole changes the direction of magnetic flux for notching 
in preparation for the reverse side of the hand of cut of a rotator, reduction of the magnet torque at the time of 
performing current phase-lead-lag-network control is suppressed, and an efficient motor is realized. 
[0049] Drawing 9 is the sectional view of the magnet flush type motor which is equivalent to the 3rd example of 
this invention. For a rotor core and 304, as for a magnet and 110, in drawing 9 , the magnet insertion hole of a 
rotor core and 306 are [ 302 / an axial hole and 316 ] notching. 

[0050] In this example, the magnet insertion hole 104 for inserting the 2nd magnet 108 of the 1st example shown 
in drawing 1 and the 2nd magnet 108 was lost, and notching 316 is added. Drawing of the slot 114 which inserts 
a stator 112 and a stator winding was omitted. 

[0051] Notching 316 has penetrated the rotor core 302 to shaft orientations. The effectiveness is explained 
using drawing 10 - drawing 14 . 
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[0052] An induced voltage wave and torque according to the current for a plane 1 and magnet magnetic flux 
respectively when there is no current progress in drawing 10 are shown. The axis of ordinate of drawing 10 - 
drawing 1 2 gives a suitable numeric value, and shows the standard of magnitude. In order to make torque legible, 
it shows the value calculated with torque =2x current x induced voltage. Since there is no current phase lead lag 
network, the sign of a current and induced voltage is the same, and there is no place where the torque for a 
plane 1 shows negative. When Tm for a plane 1 of drawing 10 is generated, in drawing 23 , a current phase lead 
lag network corresponds to 0 times, and Tm is max. Here, the torque which a motor generates will be acquired, if 
it adds three torque from which the phase shifted by a unit of 120 degrees in passing the current of a three 
phase circuit to a stator. 

[0053] As for drawing 1 1 , at least that for a plane 1 in the conventional example shows the induced voltage 
wave and torque by the phase leading current and magnet magnetic flux. In drawing 1 1 , the current phase is 
advanced 30 degrees. If a current phase is advanced, as shown in drawing 1 1 , negative torque will occur and 
only the part to which the phase of an induced voltage wave and a current shifted, and the current phase 
progressed will cause [ of magnet torque ] reduction. The decrement of Tm in the case of having generated the 
torque of drawing 1 1 is shown in drawing 23 . 

[0054] Magnetic magnetic flux is decreased in the part which generates torque negative by forming notching 316 
like drawing 9 to the former. Change of the direction of the magnet magnetic flux by the current impression 
location and notching of the 180-degree section whose current in the case of adding the sinusoidal current of 
phase progress to drawing 13 about 30 degrees is a same sign is shown. Moreover, as for drawing 12 , at least 
that for a plane 1 in the 3rd example shows the induced voltage wave and torque by the phase leading current 
and magnet magnetic flux. (I think that drawing 1 2 is enough for an induced voltage wave to understand the work 
although it becomes the wave which did not become such strictly but was distorted.) The magnetic flux which 
generates negative torque as shown in drawing 1 2 and drawing 13 is decreased. Moreover, the magnetic flux of 
the part goes to the place which generates forward torque, increases the magnetic flux which contributes to 
generating forward torque, and increases forward torque. 

[0055] A current phase and torque are shown in drawing 14 . That is, negative torque is decreased, forward 
torque increases, and since the decrement of Tm shown in drawing 23 decreases, comprehensive torque will 
increase (reluctance torque becomes small to the former strictly.). 

[0056] Thus, even if it advances a current phase, Tm will seldom decrease but the torque yield to the same 
current will increase, and it becomes realizable [ a small well head ]. 

[0057] Moreover, the rotator at the time of decreasing the magnetic pole of six poles at the time of establishing 
an opening 318 in the rotator body front face by the side of the reverse of the hand of cut of one pole each at 
drawing 1 5 and a magnet 306 is shown. The comprehensive torque result by the simulation at the time of 
changing the case of an opening 318 and an opening 318 into drawing 1 6 in an iron core (there being no opening) 
is shown. It is in ** that comprehensive torque increases by the opening 318, and it cannot be overemphasized 
that the same effectiveness is acquired. 

[0058] Next, other rotator structures in the 3rd example of this invention are shown in drawing 1 7 -18. Drawing 
which enlarged notching to about 40% on the front face of a rotor core is shown in drawing 1 7 . Moreover, since 
drawing 1 8 makes [ many ] the amount of notching like the edge of a magnetic pole, the edge is large [ an air gap 
(magnetic reluctance) ], and induced voltage becomes large towards a magnetic pole core. The percentage to 
the rotor core front face for one pole of notching incidentally shown in drawing 9 is about 9%. That is, I think that 
it is usually good at 3% - about 15%. However, when often driving by about 40 to 60 large phase lead lag network, 
notching is considered to be [ about 45% ] effective. 

[0059] Furthermore, drawing 18 is drawing at the time of adopting the 1st example and 3rd example as **. 
Drawing 17 enlarged the configuration of the magnet insertion hole 305 by the side of the reverse of the hand of 
cut of one pole each to the magnet configuration. In order to secure the flux path of q shaft between magnets in 
the two-layer magnet of the 1st magnet 106 and the 2nd magnet 108 furthermore, the 1st magnet 107 is making 
it move to a hand of cut from a magnetic pole core. The effectiveness which the 1 st example and the 3rd 
example multiplied is acquired by this thing. 

[0060] Moreover, drawing 1 8 is the case where the both ends of the rotor core equivalent to one pole are 
equipped with notching 317. In drawing 18 , from the case where induced voltage with a magnet shows drawing 
1_2 , further, a center section (a current phase is near 90 degrees) becomes large, and an edge (a current phase 
is near 0-30 degrees) becomes small by notching. This structure is effective especially when [ that a drive 
current phase lead lag network is small (less than 30 degrees) ] there is little use of reluctance torque. Since the 
gap of the phase of induced voltage and a current phase with a magnet is small, by enlarging induced voltage in 
the large part of a current, the torque yield to the same current will increase similarly, and it becomes realizable 
[ a small well head ]. 
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[0061] The 3rd example is effective, when the hand of cut inclines toward the clockwise rotation or the 
counterclockwise rotation, or when effectiveness is thought as important only in one hand of cut. 
[0062] Although the sinusoidal drive was described here, it cannot be overemphasized that the same 
effectiveness is acquired also in a square wave drive. Moreover, the same effectiveness is acquired even if the 
source resultant pulse number of a stator changes. 

[0063] Since the one where magnet thickness is thinner is not interrupted for an opening etc. with a magnet 
using a magnet with high flux density, the effectiveness of notching for [ of a magnet ] making a magnetic-flux 
change shows up better, rather than magnet thickness is still thicker. 

[0064] It cannot be overemphasized that effectiveness has [ in / further / one layer and not only twoHayer 

but / a multilayer ] a magnet to one pole. 

[0065] 

[Effect of the Invention] This invention makes the yield of the magnetic flux by id current decrease by having the 
2nd magnet of a configuration which has separated the 1st magnet of the radii configuration where the magnet 
for one pole arranged inside a rotator met the configuration of a rotator body front face, and the 1st magnet, and 
is different. Therefore, it is improved, the torque over a unit current increases, and the orthogonality of 
comprehensive magnetic flux and a comprehensive current can realize the motor of efficient-izing and small high 
power. 



[Translation done.] 
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JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The sectional view of the magnet flush type motor which is equivalent to the 1st example of this 
invention 

[ Drawin g 2] The line-of-magnetic-flux Fig. at the time of passing a current to a stator winding in the 1st 
example of this invention 

[Drawing 3] The line-ofHnagnetic-flux Fig. at the time of passing a current to a stator winding in the two-layer 
reverse radii configuration of the conventional example 

[Drawin g 4] Drawing showing the relation between Ld and the include angle between a current and magnetic flux 

[Drawing 5] Drawing showing other rotator structures in the 1st example of this invention 

[Drawin g 6] Drawing showing other rotator structures in the 1st example of this invention 

[Drawing 7] Drawing showing other rotator structures in the 1st example of this invention 

[Drawin g 8] The sectional view of the magnet flush type motor which is equivalent to the 2nd example of this 

invention 

[Drawing 9] The sectional view of the magnet flush type motor which is equivalent to the 3rd example of this 
invention 

[ Drawin g 10] Drawing showing the induced voltage wave and torque by the current for a plane 1, and magnet 
magnetic flux 

[Drawing 11] Drawing showing the induced voltage wave and torque by the current for a plane 1 f and magnet 
magnetic flux 

[Drawing 12] Drawing showing the induced voltage wave and torque by the current for a plane 1, and magnet 
magnetic flux 

[Drawing 13] Drawing showing the rotator of the 3rd example of this invention, the impression location of 
sinusoidal current, and magnet magnetic flux 

[ Drawing 14 ] Drawing showing the relation between the amount of current phase lead lag networks in the 3rd 
example of this invention, and Tm, Tr and Tm+Tr 

[Drawing 1 5] Drawing showing other rotator structure in the 3rd example of this invention, and its simulation 
result 

[ Drawin g 1 6] Drawing showing other rotator structure in the 3rd example of this invention, and its simulation 
result 

[Drawin g 1 7] Drawing showing other rotator structures in the 3rd example of this invention 

[Drawing 1 8] Drawing showing other rotator structures in the 3rd example of this invention 

[Drawing 19 ] Drawing showing other rotator structures in the 3rd example of this invention 

[Drawing 20] The sectional view of the magnet flush type motor in the conventional example 

[Drawing 21 ] Drawing showing the relation between the amount of current phase lead lag networks in the 

conventional example, and Tm, Tr and Tm+Tr 

[Drawin g 22 ] Drawing showing the relation between a comprehensive current and comprehensive magnetic flux 
[Drawin g 23] Drawing showing the relation between the maximum torque current phase in the conventional 
example, and the decrement of Tm 
[Description of Notations] 
106 1st Magnet 
108 2nd Magnet 

104 Magnet Insertion Hole 316 Notching 
318 Opening 
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